TRMM Background, Motivation, and Goals
The atmosphere gets three-fourths of its heat energy from the release of latent heat by precipitation. Two thirds of global precipitation falls in the tropics and rain variability in low latitudes affects 1 SSM/I stands for Special Sensor Microwave Imager. the weather around the world. Tropical rainfall and its variability also impact upon the structure of the upper ocean layer by the fresh water from rain and by the wind squalls produced by the large rain cloud systems.
Precipitation is the most difficult atmospheric variable to measure, mainly because of its concentration into a few cloud systems. Rainfall, therefore, shows huge fluctuations in space and time. Presently tropical rain is not known within a factor of two.
In addition to climate fluctuations, an important impact of rain and its variability is on the biosphere, including humans. The "average" rainfall is rarely observed. Instead, several seasons of drought and starvation are often followed by a year or two of torrential downpours and disastrous floods. Cloud and rain processes are now simulated fairly well on the scale of cloud ensembles (50-100 km). However, global models for prediction of weather and climate have much coarser resolution, therefore they must "parameterize" cloud processes. Most of these parameterizations are extremely crude.
In the tropics particularly, it is vitally important to have rain and its latent heating in the initialization of global weather and climate models as welt as in their prediction stage. Presently there are large discrepancies among the results of the different models. All of these models do badly in predicting precipitation and soil moisture. The poor simulation of cloud properties is one of the factors (which also include cloud optical properties) causing the models to differ so widely regarding the amount of global warming which would result from doubled carbon dioxide (greenhouse effect). Figure 1 (after Cess et al., 1993) compares the predictions of global warming by twelve of the major models when the atmospheric carbon dioxide is doubled. The predicted global warming differs among the models by about three degrees Celsius. With fairly minor changes in parameterization of cloud properties in the UKMO model, the global warming is reduced from above 5 ~ to about 2 ~ Clearly decision makers cannot determine what action, if any, to undertake in response to possible global warming, since at present the atmospheric models not only differ among themselves, but also are sensitive to variables for which few reliable measurements exist. The contrast between two different rain parameterizations in a regional model 2 under identical initial and boundary conditions is illustrated in Fig. 2 (Wang et al., 1994) . In fact, scarcity of quantitative precipiration information has been a frustrating longtime bottleneck for atmospheric science. This gap in the centerpiece of the hydrologic cycle has had negative impacts on nearly all Earth sciences and their applications. Since the tropics are 75 per cent covered with ocean, precipitation over the global tropics can be measured satisfactorily only from space.
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As early as 1981 (Atlas and Thiele, 1981), a group of scientists met at Goddard Space Flight Center, NASA, to discuss this challenge. The feasibility of satellite measurement of tropical rain was examined. Since the diurnal and semi-diurnal variability of tropical rain is large, the orbit of any proposed satellite should not be sun-synchronous. To cover the global tropics, an inclination of about 30 degrees was considered. To utilize the microwave part of the spectrum with both adequate resolution and modest antenna sizes, the spacecraft would need a low altitude orbit. A major question at that time was whether a low altitude (about 300kin), inclined orbit could adequately sample the rainfall.
To address this sampling question, fortunately, the GATE a shipboard radars provided an excellent rain data set over a substantial area in the Inter Tropical Convergence Zone (ITCZ) off the west coast of Africa. A test orbit was selected to precess through the 24 hours in a month. Extrapolating the area of the GATE data up to boxes about 5 ~ by 5 ~ , studies showed that the sampling error for monthly rain over 5 ~ by 5 boxes should be less than 10 per cent. The crucial feature of the GATE rain that allows the low sampling error is that it self-correlates adequately over 12 to 14 hours. North and colleagues (Shin and North, 1988; Bell etal., 1990) have shown similar autocorrelations in other parts of the ITCZ and in the SPCZ 4. For whole seasons, their analyses show sampling errors of 10 per cent or less over all the tropical oceans. However, away from the tropical convergence zones and over one land mass (Florida), some evidence has been presented (Seed and Austin, 1990 ) that the autocorrelations are much lower, leading to sampling errors from the TRMM orbit as large as 20-25 per cent, which is not acceptable. As might have been expected, 
